Mitochondrial dysfunction during in vitro hepatocyte steatosis is reversed by omega-3 fatty acid-induced up-regulation of mitofusin 2.
We examined the effects and mechanisms of omega-3 polyunsaturated fatty acid (PUFA) administration on mitochondrial morphology and function in an in vitro steatotic hepatocyte model created using HepG2 cells. Reverse transcriptase polymerase chain reaction and Western blot analyses were performed to determine the expression levels of mitofusin 2 (Mfn2), and immunofluorescent MitoTracker Mitochondrion-Selective Probes were used to detect changes in mitochondrial morphology. Adenosine triphosphate (ATP) synthesis and reactive oxygen species (ROS) production were measured to assess mitochondrial function. Mitofusin 2 expression was significantly suppressed (P < .05), ATP levels were decreased (P < .05), ROS production was increased (P < .05), and the normal tubular network of mitochondria was fragmented into short rods or spheres. Model cells were incubated with eicosapentaenoic acid or docosahexaenoic acid at a final concentration of 50 μmol/L for 1 hour. Both eicosapentaenoic acid and docosahexaenoic acid increased the expression of Mfn2 (P < .01) and caused an increase in the length of mitochondrial tubules. The omega-3 PUFAs also increased the levels of ATP (P < .05) and decreased the ROS production (P < .05). However, these changes were not seen in Mfn2-depleted steatotic HepG2 cells, created by RNA interference before incubation with the omega-3 PUFAs. This study demonstrated that, in steatotic hepatocytes, omega-3 PUFAs may change mitochondrial morphology and have beneficial effects on recovery of mitochondrial function by increasing the expression of Mfn2.